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Introduction
In RAN1#110 the following has been concluded as part of eRedCap SI [1] 
	Based on the analysis of the studied UE complexity reduction options, most companies in RAN1 recommends that a single option is down-selected from a list of options as the main Rel-18 RedCap UE complexity reduction option at RAN plenary. The list includes the following options.
· Option BW3:
· 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH with 20 MHz RF bandwidth for UL and DL.
· The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
· Option PR3:
· Restriction of maximum number of PRBs for PDSCH and PUSCH.
· For 15 kHz SCS, the maximum number of RBs is 25.
· For 30 kHz SCS, the maximum number of RBs is 11 or 12.
· The restricted number of PRBs in Option PR3 is a hardcoded limit.
Some of the companies who participated in the study also wanted to include one or both of the following options in the above listh, for RAN plenary to assess the trade-off between degree of complexity reduction and specification impact.
· Option PR1:
· Relaxation of the constraint   for peak data rate reduction.
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters ([image: ], [image: ], [image: ]) [38.306] can be as in Rel-17 RedCap.
· Option BW1:
· Both RF and BB bandwidths are 5 MHz for UL and DL.

Furthermore, RAN1 recommends that the following option is considered as a potential add-on. Whether to adopt this potential add-on can be decided during WI phase.
· Option PR1:
· Relaxation of the constraint   for peak data rate reduction.
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters ([image: ], [image: ], [image: ]) [38.306] can be as in Rel-17 RedCap.

Whether or not to also introduce support for option PT1 and/or PT2 for a Rel-18 RedCap UE can be decided at RAN plenary.
· Option PT1:
· Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2 (as defined in TS 38.214) compared to those of UE processing time capability 1
· The relaxation factor for N1 and N2 is assumed to be 2 in the study.
· Option PT2:
· Relaxation of UE processing time for CSI in terms of Z and Z’ compared to the values defined in TS 38.214 clause 5.4
The relaxation factor for Z and Z’ is assumed to be 2 in the study.



In this contribution we highlight the observations made during SI, which should guide the plenary decision, as well as, we highlight observations, which could not be discussed due to small amount of TUs for eRedCap SI.
Status of Study
While coverage and complexity reduction studies appear to be finalized. The fact is that there has not been enough time in RAN1 to technically discuss different complexity reduction schemes on the table. Particularly, until now, there has not even been common understanding in RAN1 what BW2, BW3/PR3 are.

At least, the following schemes and sub-schemes have been assumed across different companies. 
· BW2
· BW2-1:  New feature: 5MHz BWP is hopping within 20MHz channel BW
· BW2-2:  Legacy: 5MHz BWP as in R15, with possibility to receive SSB within 20MHz channel RF BW
· BW3
· BW3-1: New feature: PDSCH resource allocation is known ahead of PDSCH reception
· K0>0
· Definition of narrow-band/RB-set
· BW3-2: Legacy: PDSCH resource allocation is not known ahead of PDSCH reception

Despite companies having different assumption on evaluated options, the results have been averaged across sub-schemes. Similarly, specification impacts, performance impact and coexistence has NOT been considered separately per sub-scheme. 

Observation-1: There has been different interpretations of BW2 and BW3 among companies, resulting into sub-schemes. 
Observation-2: Due to inadequate TUs for study, the sub-options has not been properly discussed and separately analyzed. 

The average complexity reductions captured in [1] for BW3 mainly assumed BW3-1 when reducing complexity, while assuming BW3-2 when assessing specification and coexistence impact, the cost difference between BW3-1 and BW3-2 may be small. On the other hand, the specification impact may be significant. 

Observation-3: BW3-1 has been assumed by many companies for complexity reductions, but specification and coexistence impacts have been assessed based on BW3-2 instead.

Proposal-1: RAN to consider sub-options of option BW3 (If down-selected) when drafting the WID, to ensure that specification impact does not become in fact larger than that of BW1.



On used complexity reduction methodology inconsistencies 
Unfortunately, number of TUs has been insufficient for proper technical discussion on complexity reductions schemes in RAN1. As a consequence, inconsistencies of the evaluation methodology can be shown. In this used methodology companies may report values, without any technical justification, and values are averaged. 

We show two examples of 3GPP radio blocks, for which averages are inconsistent between R17 RedCap and BW1 eRedCap reductions.

Table 1 FDD 1Rx, post FFT buffering
	
	R15
	R17 RedCap
	R18 BW1
	R18 BW2
	R18 BW3

	BB: Post-FFT data buffering
	10%
	1.05%
	0.36%
	0.46%
	0.67%




When assessing complexity of R15 to R17 RedCap in Table 1, the 10-fold reduction is almost precisely visible, this as consequence of cutting 2Rx in R15 reference to 1Rx in RedCap and reduction of BW from 100Mhz to 20Mhz (5-fold). However, when BW is further reduced 4-fold, the averaged number is 3-fold not 4-fold?
  
Table 2 FDD 1Rx, FFT block
	
	R15
	R17 RedCap
	R18 BW1
	R18 BW2
	R18 BW3

	BB: FFT/IFFT
	4%
	0.67%
	0.21%
	0.45%
	0.65%



Reduction of complexity in FFT block (Table 2) should theoretically be 2-fold due to 2Rx-1Rx branch. And the complexity of FFT/iFFT itself can be expressed as log2(N)*N, where N is size of FFT/iFFT. Therefore the complexity for R17 RedCap and R18 eRedCap are.

· R17 RedCap reduction 4k FFT to 2kFFT Reduction =4% * 0.5 * 2048*11/4096/12 = 0.92%
· R18 RedCap reduction 4k FFT to 512FFT = 4% * 0.5 * 512*9/4096/12= 0.19% 

However, surprisingly, the R17 RedCap UE average is significantly below theoretical value, while R18 is above theoretical value. There are clear inconsistencies, in the methodology outcomes.  

Observation-4: There are inconsistencies in used methodology when reporting complexity reduction values for R17 RedCap and R18 BW1 RedCap. BW1 complexity reduction potential is under-estimated.

[bookmark: _Hlk113099396]Unbalanced cost between data and control DL channels
When PDSCH BW is reduced to 5MHz it has been observed that PDSCH processing blocks in BW3 are reduced by 2.58% points, while DL control processing block is reduced by 4.52% points. We understand that reducing the complexity of DL control processing (e.g. number of CCEs and/or number of blind decodes) may have considerable impact on PDCCH coverage and blocking probability, however based on the [1] there is still room for further complexity reduction of DL control processing blocks. For example, reducing number of CCEs and BDs to amount needed to receive CORESET#0 SS#0, would be feasible without impacting the coexistence with legacy UEs. The complexity of PDCCH processing could be reduces 2-fold.

	
	R15
	R17 RedCap
	R18 BW1
	R18 BW2
	R18 BW3

	BB: Receiver processing block
	24%
	4.42%
	2.00%
	1.86%
	2.07%

	BB: LDPC decoding
	10%
	1.29%
	0.51%
	0.50%
	0.51%

	BB: DL control processing & decoder
	5%
	4.73%
	3.98%
	3.95%
	4.52%



Furthermore, BW3 in fact looks similar to LTE CAT0, where DL control has not been reduced at all (20MHz), while PDSCH BW was reduced to 1.44MHz. Unless the intention of this R18 features is to create CAT0-like feature in NR, RAN should ensure that DL control processing is NOT more complex than processing of PDSCH. 

Proposal-2: If BW3 is down-selected, RAN to include complexity reduction of DL control processing blocks as a target in Rel-18 eRedCap WID. This to avoid creation of a UE TYPE that is similar to LTE CAT0, where PDCCH processing is more complex than PDSCH processing.

Relaxed processing timelines
Relaxed processing timelines N1 and N2 may allow complexity reduction in four processing blocks.
Baseband: Receiver processing block
Baseband: LDPC decoding
Baseband: DL control processing & decoder
Baseband: UL processing block

At the same time no major specification/coexistence impacts have been found from setting K0>0 and K2>1. The main concern from NW vendors is that separate scheduling is required for such UEs with relaxed timelines. On the other hand, if UE is given more time, it may better reuse the same hardware (e.g. DSP) for different functionalities, and such reduce complexity/cost of such device. It is obvious that early identification would be needed for R18 UEs, but early identification framework is already in place for R17 for at least R17 RedCap and/or CovEnh UE. Adding one UE type should not result in significant specification impact.

Proposal-3: RAN to include PT1+PT2 in R18 RedCap WID.

Comparison of BW1 and BW3

Table 7.2.2-7: Average UE complexity reduction achieved by BW reduction options compared to corresponding Rel-17 baselines
	Option
	FD-FDD 1Rx
	TDD 1Rx
	HD-FDD 1Rx
	FD-FDD 2Rx
	TDD 2Rx
	HD-FDD 2Rx

	BW1
	11.85%
	11.25%
	14.06%
	14.31%
	13.42%
	14.79%

	BW2
	9.15%
	8.08%
	11.92%
	11.46%
	8.81%
	12.21%

	BW3
	8.02%
	7.66%
	8.90%
	8.72%
	7.68%
	9.19%




The difference between cost reductions of BW1 and BW3-1 with respect to R17 Redcap is between 3-5% points in Table 7.2.2.-7 of [1], but the difference is in our opinion underestimated as discussed in Sections 2 and 3.  On the other hand, we understand that BW1 unlike BW3-2, has issue with reception of SSB and CORESET#0. These issues could be tackled as the following:
· The SSB issue could be handled by support of SSB within RF (e.g 10MHz) but outside of BWP (5MHz). 
· The R15 CORESET#0 multiplexing pattern-1 could be reused with additional offset for R18 UEs, such reducing the specification impact. 
· With 10Mhz RF and 5MHz BWP, 12RBs channel BW with 30KHz SCS could be supported, allowing short PRACH and increased CORESET capacity
· Separate SIB1 may be introduced, which in fact would be beneficial for BW3 as well.

Finally, no coverage issues have been identified for BW1, except for the 4GHz scenario where gNB transmit power is only 24dBm instead of 33dBm. This pico-cell scenario not being the target scenario for eRedCap UEs, in our opinion. Therefore, we have the following proposal 

Proposal-4: Down-select a modified BW1, where UE supports 10MHz RF, but 5MHz BWP.
· UE is capable to support reception of legacy CD/NCD-SSB including PBCH outside of BWP.
· Introduce 5MHz CORESET#0 multiplexing patterns by reusing existing R15 pattern-1 CORESET#0 configuration as much as possible (RAN1)
· Define 12RB channel BW for 30kHz spacing (RAN4)
· Introduce separate SIB1 for R18 RedCap UEs. (RAN2)

Conclusions 
In this discussion we discussed the conclusions of eRedCap SI and we had the following observations and proposals.
Observation-1: There has been different interpretations of BW2 and BW3 among companies, resulting into sub-schemes. 

Observation-2: Due to inadequate TUs for study, the sub-options has not been properly discussed and separately analyzed. 

Observation-3: BW3-1 has been assumed by many companies for complexity reductions, but specification and coexistence impacts have been assessed based on BW3-2 instead.

Proposal-1: RAN to consider sub-options of option BW3 (if down-selected) when drafting the WID, to ensure that specification impact does not become in fact larger than that of BW1.

Observation-4: There are inconsistencies in used methodology when reporting complexity reduction values for R17 RedCap and R18 BW1 RedCap. As a consequence, BW1 complexity reduction potential is under-estimated.

Proposal-2: If BW3 is down-selected, RAN to include complexity reduction of DL control processing blocks as a target in Rel-18 eRedCap WID. This to avoid creation of a UE TYPE that is similar to LTE CAT0, where PDCCH processing is more complex than PDSCH processing.

Proposal-3: RAN to include PT1+PT2 in R18 RedCap WID.

Proposal-4: Down-select a modified BW1, where UE supports 10MHz RF, but 5MHz BWP.
· UE is capable to support reception of legacy CD/NCD-SSB including PBCH outside of BWP.
· Introduce 5MHz CORESET#0 multiplexing patterns by reusing existing R15 pattern-1 CORESET#0 configuration as much as possible (RAN1)
· Define 12RB channel BW for 30kHz spacing (RAN4)
· Introduce separate SIB1 for R18 RedCap UEs. (RAN2)
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